Tetrazolium salts have proved useful as indicators of electron transfer. Compounds such as triphenyltetrazolium chloride' are more practical than indicators like methylene blue since they are converted from a soluble colorless salt to an insoluble formazan in the reduced state. They also provide similar convenience in detecting enzymatic activity and specific sites of such activity (Bielig, Kausche, and Haardick, 1949; Mudd et al., 1951) .
Pleuropneumonialike organisms (PPLO) are characterized by the small size of the colonies, their fragility, poor staining qualities, slow rate of growth, and requirement of a high concentration of native protein for growth in vitro. It is not surprising that there are few data on the metabolic properties of these organisms. However, use of newer, simplified culture medium (Morton, Smith, and Leberman, 1951;  Smith and Morton, 1951) and improved indicators may permit the resolution of the pathways involved in the metabolism and respiration of pleuropneumonialike organisms.
It was apparent that demonstration of enzymatic activity in pleuropneumonialike organisms might be obtained through the use of the tetrazolium compounds since the colonies gave visible evidence of oxidative metabolism through the reduction of tetrazoles which had been incorporated into the culture media.
METHODS
Cultures. Media. The basal medium used throughout was "Bacto-PPLO agar" (Difco). Each 1,000 ml contained the infusion from 50 g dried Bactobeef heart for infusion, 10 g Bacto-peptone, 5 g NaCl, and 14 g agar. The pH was 7.8 prior to sterilization in the autoclave. Before use, the basal medium was enriched with Bacto-PPLO bovine serum fraction A to a concentration of one per cent of the final volume. For ordinary cultivation, the medium was dispensed into sterile petri dishes in approximately 20 ml amounts. In some instances sterile solutions of tetrazolium salts and sodium lactate were also added to the medium before dispensing.
The tetrazolium salts were made into one per cent aqueous solutions and sterilized by autoclaving at 120 C for 15 electron transport systems. Upon reduction, it tetrazolium was toxic at the 0.005 per cent level, gave a blue-to-purple color. However, the neo-so it was used in a final concentration of 0.00125 Figure 1 . Pleuropneumonialike organism, strain 39, grown for 6 days at 37 C, aerobically, on Bacto-PPLO medium containing sodium lactate. Photograph no. 69, control for figure 2. Figure 6 . Pleuropneumonialike organism, strain Campo, grown for 9 days at 37 C, anaerobically, on Bacto-PPLO medium. Photograph no. 50, control for figure 6. For each strain of organism tested, approximately 0.05 ml from a 2 day broth culture was transferred to the surface of the medium. In this manner, the entire surface could be inoculated fairly uniformly. Since strain 48 does not grow sufficiently in broth, a block of agar containing a large number of colonies was streaked across the medium with a sterile scalpel.
When lactate5 was desired in the medium, sufficient quantity of a 10 per cent aqueous solution, sterilized by autoclaving, was added to the melted medium to give a final concentration of 0.5 per cent.
Controls. Petri plates containing the enriched medium and the same medium with the addition of a tetrazolium compound were inoculated in identical manner, incubated, and photographed under identical condit ons.
Plates were incubated both aerobically and anaerobically (Morton, 1943 Cultures, grown in the presence of a tetrazolium compound, and their respective control cultures were photographed with identical illumination and exposure, and the films were developed simultaneously. The prints likewise were made from the negatives with identical exposures and development. The only condition which varied was the pigment present in the cultures growing in the presence of a tetrazolium compound.
Color photomicrographs of pleuropneumonialike organisms were taken by Robert Chapman, the Hospital of the University of Pennsylvania. All six strains gave evidence of formazan production, regardless of the type of tetrazolium salt used, after prolonged anaerobic incubation of 7 to 10 days. Addition of lactate to the medium increased the amount of visible colored compounds.
After 4 or 5 days, a faint pink color was apparent in colonies grown on medium containing triphenyltetrazolium chloride. The neotetrazolium gave a similar effect, except that the color was a faint blue. The blue tetrazolium and iodotetrazolium derivatives showed indications of reduction, but the first color appeared after varying periods of incubation.
There was no consistent relationship between the strains and the amount of formazan produced. Also it was difficult to determine a quantitative difference between the action of one tetrazolium salt and the others. However, some tetrazolium compounds showed better reduction with one particular strain in contrast with the reduction by other strains. Colonies of strain 110 contained such large amounts of the red formazan of triphenyltetrazolium chloride (figure 18) that they were visible when plates were examined macroscopically. Increased formazan production was noted when the colonies were large and well separated.
The use of Wratten filters demonstrated that the formazan was greatest in the centers of the colonies and decreased radially until there was no visible evidence of reduction in the margins of the colonies where the layer of cells is the thinnest.
DISCUSSION
Prior to the use of tetrazolium salts as indicators of electron transport, enzymatic activity was measured by decolorization of redox dyes. Methylene blue, for example, had been used to demonstrate dehydrogenases. Studies on plant and animal materials (Kun and Abood, 1949; Mattson, Jensen, and Dutcher, 1947) demonstrated that reduction of triphenyltetrazolium chloride was dependent on enzyme systems, more specifically, the dehydrogenases. Kun and Abood (1949) found triphenyltetrazolium chloride reduction to be satisfactory for a quantitative measure of the succinic dehydrogenase activity of tissue homogenates. Bacterial reduction of triphenyltetrazolium chloride was observed by Kuhn and Jerchel (1941) and by Wundt (1950) . These reports stimulated interest in the mechanism of the reduction of triphenyltetrazolium chloride. Mattson, Jensen, and Dutcher (1947) reported that the reduction of triphenyltetrazolium chloride was probably caused by dehydrogenase systems which were coenzyme I (diphosphopyridine nucleotide) or coenzyme II (triphosphopyridine nucleotide) linked, but it was not mentioned that flavoproteins were involved. Bielig, Kausche, and Haardick (1949) observed that the conditions of maximum formazan production suggested the flavoprotein diaphorase. Brodie and Gots (1951 , 1952a , 1952b Kun (1951) with amino acid oxidases and by Shelton and Schneider (1952) with xanthine oxidase and diphosphopyridine nucleotide linked cytochrome C reductase.
In The failure of aerobically incubated colonies to reduce tetrazolium salts is not inconsistent with results of other workers. Fred and Knight (1949) , using triphenyltetrazolium chloride, observed that aeration through shaking slowed formation of formazan. Brodie and Gots (1951) reported the complete inhibition of triphenyltetrazolium chloride reduction under aerobic conditions, but they could overcome the effect partly by increase of pH. The difference may be due to an unfavorable O/R potential or a competition between the oxygen and tetrazolium salts.
Both triphenyltetrazolium chloride and neotetrazolium were considered as satisfactory for demonstrating enzymatic activity in pleuropneumonialike organisms. Other tetrazolium salts were not as suitable. The iodotetrazolium derivative had a tendency to crystallize spontaneously. All plates containing this tetrazole had numerous crystals. When blue tetrazolium was used, colonies did not give the usual "fried-egg" appearance, and a reduction area was not always apparent.
Since completing the observations on the reduction of tetrazolium compounds by pleuropneumonialike organisms grown on solid medium, a few preliminary observations have been made on liquid cultures. When the organisms are grown anaerobically in liquid medium in the presence of triphenyltetrazolium chloride, the reduction to the formazan compound could be measured colorimetrically. This offers a method for observing the reduction quantitatively and studying the effect of the addition of various substrates.
Tetrazolium salts also have proved valuable in differentiation of bacterial species and species variants. Levine and Garber (1950) reported triphenyltetrazolium chloxide to be an aid in the detection of rough dissociants of Paseurella pedis. Huddleson and Baltzer (1950) studied bacteria of 7 genera in relation to color and morphology when grown on media containing triphenyltetrazolium chloride. They found triphenyltetrazolium chloride facilitated the differentiation of species and variations within species. Gershenfeld and Weber (1951) 
